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Abstract
A new handed interaction between quarks could be at the origin of some small parity
violating effects in the inclusive production of one-jet in polarized pp collisions. This
interaction could originate from compositeness or from the presence of a new massive
vector boson. The measurement of such asymmetries could be performed within a few
years by using the RHIC collider as a polarized proton-proton collider.
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In a few years from now, the RHIC Spin Collaboration (RSC) will use the RHIC
machine as a polarized pp collider. The center of mass energy will be as high as 500
GeV, the luminosity L = 2.1032 cm−2.s−1 and the degree of beam polarization around
70% [1]. With these figures, spin asymmetries as small as 1% should be measurable in a
few months running. For example, the parity conserving (PC) double-spin longitudinal
asymmetry ALL in inclusive one-jet production will be obtained with a very small error,
hence allowing to test the spin structure of QCD. Adding the measurement of some parity
violating (PV) asymmetries inW and Z boson production, it will be possible to determine
very accurately the various polarized partonic distributions inside the proton (see [1,2] and
also e.g. [3]). On the other hand, as was noticed some time ago [4], non conventional PV
effects in hard-hadron reactions have never been searched for. Focusing on the inclusive
production of one jet, one can define a double helicity PV asymmetry APVLL as:
APVLL =
dσ(−)(−) − dσ(+)(+)
dσ(−)(−) + dσ(+)(+)
(1)
where dσλ,λ′ means the cross section in a given helicity configuration for the production
of a single jet with transverse energy ET , integrated over some rapidity interval around
y = 0.
According to the Standard Model, this process is essentially governed by QCD plus a
small contribution due to electroweak boson exchanges. The latter induces a small APVLL
which should be visible at RHIC. On the other hand, a new interaction between quarks
could be at the origin of some deviations from the expected APVLL , provided that it presents
a particular chiral structure.
For instance, in the framework of compositeness, an effective handed interaction due
to a contact term between quarks can be present [5] :
Lqqqq = ǫ
π
2Λ2qqqq
Ψ¯γµ(1− ηγ5)Ψ.Ψ¯γ
µ(1− ηγ5)Ψ (2)
where Ψ is a quark doublet, Λ is the compositeness scale, ǫ and η taking the values
±1. Furthermore, the presence of a new massive vector boson Z ′, with right-handed and
left-handed couplings to each quark of flavour i :
LZ′ =
g
2 cos θW
Z ′µq¯iγµ[CiL(1− γ5) + CiR(1 + γ5)]qi (3)
could generate new amplitudes and lead to similar effects on the PV spin asymmetry pro-
vided its couplings to quarks are enhanced. Such ”hadrophilic” or ”leptophobic” neutral
vector bosons Z ′ have been recently considered from the phenomenological point of view
[6], in order to explain some possible deviations from the Standard Model predictions
observed both at LEP and at CDF.
In two recent papers [7,8], we have studied the possibilities offered by the polarized
RHIC collider for disentangling these new effects from the Standard spin asymmetry
APVLL (SM) wich is mainly due to the interference between the one-gluon exchange ampli-
tude and the Z0 exchange amplitude. An illustration is given in Fig. 1. One can see
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that the Standard asymmetry (plain curve) rises with the transverse jet energy. This
is simply due to the increasing importance of quark quark scattering relatively to other
terms involving real gluons. The asymmetry is small but clearly visible at RHIC (the
error bars refer to the statistical error with an integrated luminosity L = 3.2fb−1). The
dot-dashed curves show the effect of a contact term with a compositeness scale Λ = 1.6
TeV which corresponds to the present CDF bound. We have also assumed that parity
were maximally violated by this interaction. The effect on APVLL is clearly visible : if the
contact term is indeed present this measurement should allow to get a unique information
on its chirality structure since the sign of APVLL is sensitive to the sign of the product ǫ.η
(ǫ = −1 means constructive interference, see [5,7]). From the absence of deviations from
the expected APVLL value, it will be possible to place a bound on Λ around 4 TeV, which
competes with the Tevatron for an integrated luminosity L = 100fb−1 (with unpolarized
beams).
Concerning the effect of a new hadrophilic Z ′, we restrict for illustration to the
first model in [6] in which the new current exhibits a particular chiral structure with
a dominance of the right-handed couplings on the left-handed couplings (for u quarks
CuR ≈ 2.CuL). As a consequence, A
PV
LL is negative : the dotted curve corresponds to
a best fit value for the parameters of the model and the dashed curve to the maximal
effect (the mass of the Z ′ is taken to be MZ′ = 1TeV). Finally, the ”SU(5)” curve cor-
responds to a ”flipped SU(5)” gauge model inspired by superstring theories [9]. In this
case, leptophobia occurs naturally as well as maximal parity violation in the up-quark
sector. Leptophobia implies that the traditional Z ′ searches at future collider through
the leptonic decay channel will be hopeless. Therefore, the PV spin asymmetry in the jet
channel should be the best observable to pin down the presence of such an exotic object.
In conclusion, we have seen that some deviations from the expected Standard PV
asymmetry which could be induced by New Physics beyond the Standard Model should be
visible at RHIC, despite the relatively low value of the c.m energy. This is mainly allowed
by the high luminosity and by the high degree of polarization of the beams. Therefore,
the very precise measurements performed by the RSC could contribute significantly to
the analyses of some possible manifestations of New Physics beyond the Standard Model.
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Figure captions
Fig. 1 The asymmetry APVLL for inclusive one-jet production at RHIC as a function of the
transverse jet energy ET . The calculations are performed with GRV [10] distributions.
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